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ABSTRACT 


Satisfactory  operation  of  automotive  and  diesel  equipmeiu  during 
the  Arctic  winter  cannot  be  attained  without  suitable  lubricants.  In  addi- 
tion to  the  usual  requirements  of  lubricity,  oxidation  stability,  and  deter- 
(;ency,  crankcase  oils  are  required  with  pour  ixnnts  below  -bS'^F  havinj; 
viscosities  sufficiently  low  (maximum  4500  cs)  to  allow  easy  startinK 
at  temperatures  down  to  -65'*F  yet  capable  of  maintaininff  an  adequate 
lubricating;  film  (minimum  4.75  cs  at210”F)  at  operating  temperatures. 

Of  the  six  crankcase  oils  tested  at  the  Arctic  Test  Station,  no  sin- 
gle oil  satisfied  the  viscometric  requirements  at  l>oth  high  and  low  tem- 
peratures. nis(2-ethy Ihexy  1)  adipate,  though  sufficiently  fluid  at  -65"  I', 
was  ton  light  to  prevent  excessive  wear  in  heavy-duty  engines  at  oper- 
ating temperatures.  The  REO-15-47  oil  and  Keystone  20W  containing 
40  percent  Velo  A upon  the  loss  of  the  volatile  diluent  tended  to  revert 
tothehigh  viscosities  and  (X)ur  ix)ints  of  the  base  oil  a nd  'vere  unsuited  for 
such  applications.  REO-72-49  and  Ucon  LB-140X  give  adequate  lubrica- 
tion at  operating  temperatures  but  require  starting  aids  at  temperatures 
of  approximately  -35‘’F  and  -25°F  respectively.  Tlu^  ixiur  point  of  the 
Ucon  LB-140X  makes  it  unsuitable  for  use  where  temperatures  below 
-45"F  are  encountered.  The  R PM  5Woil  will  allow  starts  down  to  approxi- 
mately-30°F  hut  excessive  \i.ear  is  rep<irted  at  operating  temperatures. 

No  oils  are  available  having  the  viscometric  i)roperties  desired  in 
a crankcase  oil,  therefore  a compromise  is  required.  A suitable  com- 
promise oil  should  have  a maximum  |X)ur  point  of  -05"F  and  be  viscous 
enougliat  operating  temperatures  to  prevent  excessive  wear.  Its  viscos- 
ity at  subzero  temperatures  should  be  as  low  as  [xissible  consistent 
with  the  viscosity  requirement  at  operating  temperatures.  The  REO-27- 
-49  or  MIL-0- 10295(Ord)  oils  are  such  a compromise.  Oils  with  lower 
viscosities  at  subzero  temper.atures  can  be  obtained  if  a large  projxjr- 
tion  of  synthetic  oils  arc  used  in  their  formulation. 

Arctic  gear  oils  must  have  maximum  pour  and  channel  ixiints  of 
-65"f,  and  be  able  to  support  the  loads  developed  by  the  gears.  Addi- 
tives used  in  their  formulation  should  not  separate  in  use  or  in  storage. 
Seven  gear  oils  were  tested  at  the  Arctic  Test  Station.  Ensign  561  and 
Navy  Symlwl  9500  havetoo  high  {xnir  [xiints  to  be  considered  for  this  appli- 
cation, and  the  Ucon  LB-140X  and  LB-400X  oils  fail  to  support  the  loads 
dcvoloppd  h'y  the*  Kcyst'^nc  78-0  iHid  Ln-14^X-00 

to  approxi mately  -40"  to  -50"Fbutthe  for mer  showed  indications  of  addi- 
tives separation  at  low  temperatures.  Th‘*  RGO-28-47  or  MIL-L- 10324 
(Ord)  gear  oils  performed  satisfactorily  in  all  equipment  over  temper- 
atures of  +30"F  to  -50"F.  This  oil  should  be  satisfactory  down  to  -65"f 
since  it  is  fluid  at  this  temperature. 


ii 


RESTRICTED 
SECURITY  INFORMATION 


RESTRICTED 


pi  EM  STATUS 

Tins  is  a final  rt[X)rt;  the  prol)lcm  has  been  closed. 

AUTHORIZATION 

NRL  Problem  C02-lb 
RDR  Project  NY  030-003 


Minuseript  buhmi1t<(l  r 1.  I 9^  i 


RESTRICTED 
SECURITY  INFORMATION 


iii 


RESTRICTED 


A LABORATORY  EVALUATION  OF  1,0  W-T  EM  PER  A T UR  E 
LUBRICANTS  f'OR  AUTOMOTIVT.  AND  DIESEL  EQUIPMENT 


INTRODUCTION 

Conventional  liibruants  <irc  not  suitable  for  use  in  vehicles  and  engines  .it 
the  temperatures  ent  ountered  durinj^  the  Arctic  winter  because  of  their  hij^h  pour 
points  and  excessue  viscosities.  Since  it  is  unlikely  that  military  supplies  can 
be  housed  in  heated  huildinys,  it  is  necessary  that  the  pour  point  of  the  lubricant.s 
be  as  lou-  or  preferably  lower  than  the  lowest  temperature  Lkcly  to  be  encountered, 
(generally  accepted  .is  -hS  E.  Unless  the  oil  has  a pour  point  as  low  as  the  .ambient 
temperature  it  c.uinot  be  t r.i  ri  s f e r r ed  fron'  its  contamer  to  the  equipment  in  need 
of  lubr  ic  .It  ion  . 

•Another  property  desired  in  .Antic  winter  «.  r.iti' c.i  se  oils  is  that  their  viscosi- 
ty be  sufficiently  low  so  that  adequate  crankino  speeds  for  starting  may  be  attained. 
Since  h.itlery  efficiency  decre.ises  with  dei  re.ising  temperature  and  ignition 
difficulties  incre.ise  because  of  dec  reased  fuel  volatility  and  flammability,  the 
limiting  V i .sc  os  ity  of  the  cr.inkcase  oil  .ilso  decreases  (1)  However,  a value  of 
4.S00  centistokes  (cs)  or  20,000  Savbolt  Universal  -Seconds  (S.U.S.)  is  a reason- 
able a[ip  rox  imation  of  the  limiting  viscosity  of  .an  .lutomotive  crankcase  oil  at 
temperatures  of  0 F and  below.  Though  less  information  is  available  for  diesel 
engines,  it  is  believed  that  the  limiting  crankc.ise  oil  viscosity  is  of  the  same 
magnitude  as  that  for  automotive  engines.  At  temper.atures  below  -25°F  the 
effu  lency  of  1 e.id  - su  Ifu  r ic  .icid  b.itteries  decrease  so  rapidly  that  they  are  incap- 
able cf  turning  the  engine  at  sufficient  speeds  to  obtain  starts,  regardless  of 
crankcase  oil  viscosity,  unless  the  battery  is  warmed  to  temperatures  above 
-25°F. 

Two  methods  of  obtaining  low  - v i sc  os  i ty  oils  .ire  .ipp.irent  Diluents,  such  .is 
gasoline,  ki-ro.sene,  or  diesel  fuel,  may  be  useci  to  lower  the  viscosity  of  conven- 
tion.il  motor  oils.  1 ow  e r molecular  weight  iincl  less  viscous  comiiounds  or  |>etro- 
leum  fractions  m.iy  he  used  .is  lubnc.ints.  The  lower  the  viscosity  of  the 
diluent,  the  more  effective-  it  is  in  lowering  the  viscosity  of  the  oil  i2'.  Pour 
points  of  motor  oils  coiit. lining  .ipprec  i.ible  quantities  of  wax  are  not  effectively 
lowered  by  the  diluents  unless  the  w.ix  is  soluble  in  the  diluent  .As  the  vol.itility 
of  a diluent  incre.ises  with  decreasing  viscosity,  the  diluent  must  effective  in 
reducing  the  viscosity  of  the  oil  is  the  le.ist  perm.inent  .ind  will  require  constant 
repl.icement.  Consumption  will  therefore  be  high  The  use  of  low-viscosity 
diluents  such  as  g.isoline  also  increases  the  fire  h.i/.iid  in  vehicles 

A satisfactory  Arctic  winter  crankcase  oil  must  also  provide  adequate  lubri- 
cation at  operating  as  well  as  at  starting  temperatures.  Under  “short  haul”  and 
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idling  conditions  in  very  cold  v.'o.ithcr,  crun/^c.ise  temperatures  art  much  below 
normal  and  cases  of  the  lubricant  congealing  in  the  crankcase  h.ive  been  renorted. 
Therefore,  the  viscosity  of  the  lubric.uit  must  not  be  so  great  thrtt  it  cannot 
be  pumped  to  the  movmg  parts  of  the  engine  During  long  hauls  and  on  warmer 
days  the  crankcase  temperatures  are  essentially  normal  and  the  oil  must  ha\e 
the  lubricating  ability  of  SAE  grade  20  or  30  oils.  If  an  oil  of  too  low  .i  viscosity 
at  normal  crankcase  temperatures  (cal  75  F)  is  useil,  it  will  be  impossible  to 
attain  normal  oil  pressures,  .ind  insufficient  lubricant  will  he  supplied  to  the 
moving  p.irts.  There  is  .ilso  the  possibility  that  a very  low  viscosity  oil  will  not 
have  the  “body"  to  support  the  lo.ids  developed  in  the  engine,  .Another  possible 
difficulty  with  oils  of  low  viscosity  and  low  moleiul.ir  v.eight  is  that  they  may  be 
volatilised  or,  hot  surf. ices  such  as  ivlinder  u.ills  .nid  t h.i  I insuffitient  oil  will 
remain  for  adequate  lubrii.itu  n 

In  adriitior,  to  the  speci.il  properties  required  of  an  .Arctic  winter  i ranktase 
oil.  It  should  also  h.ive  the  properties  required  of  eonvention.il  oils  ihe'-e 
i n e lude  r e si  st.inc  e to  ox  id.ition  and  te>  the  form.ition  of  buquer  .md  ut;.-  r inscduble 
deposits.  The  oil  should  have  the  ability  to  prevent  the  .ice  iitiiul.itior.  .if  such 
products,  commonly  known  .as  detergency  It  should  not  be  lorrosive  to  bearing 
materials  and  should  be  able  to  protect  ferrous  metal  parts  fron^  the  rusting 
action  of  water.  Neither  should  the  oil  fo.im  b.ullv  or  form  st.ible  fo.utis 

Convention. li  gr.ide  transmission  and  different  . 1 1 ee.ir  oils  are  .ilso  iitisatis- 
factory  for  Arctic  wintiT  use  I'ro/en  t r.uisni’ ss  ion  s .md  the  in.ibihty  to  shift 
gears  are  common  compl.iints  v.  hen  convetition.il  grade  lubricants  .ire  used  In 
an  effort  to  prevent  the  congealing  or  freezing  of  the  lubricant  lov.  freezing 
noint  diesel  fuels  have  been  used  .is  diluents  for  ge.ir  oils  riioiieh  tlii'-  expedient 
made  the  vehicles  operable,  the  increased  m.iintenant  e caused  bv  higher  leakage 
rates  and  incre.ased  v.ear  made  a better  solution  desir.ible 

Besides  h.aving  .idequ.atelv  low  pour  .md  eh.inne!  points  belov.  1.  the 

viscosity  of  tht  gear  lubricant  should  not  exi  eed  22.000  is  .it  - !■  if  exiessive 

drag  .and  difficulties  in  shifting  ge.irs  .ire  to  be  .ivoided  T he  ge.ir  oil  should  be 
•able  to  support  the  loads  developed  bv  the  ge.irs  .itid  should  i-.i't  fo.im  exi  essive  i\-. 
The  additives  used  must  be  stable  at  the  t empe  r.i  tu  r e s encountered  .ind  should 
not  settle  out  of  solution.  The  oil  should  not  be  lorrosive  to  the  m.iteri.ils  it 
contacts  and  it  is  desir.ible  th.it  it  prevent  tlu-  rusting  .letion  of  u.iter  on  ferr.ius 
metal  pa  rts. 

In  an  effort  to  find  the  most  desir.ible  lubru  .uits  lor  Arctu  u inter  oper.ition. 
a cooperative  test  program  was  inaugur. ited.  Ihe  oper.itioii.il  t h.i  ri  c t e r i s t ic  s of 
a variety  of  experiment.al  lubru. ints  would  be  determined  in  Biire.iu  of  A'.irds  .iiid 
Docks  equipment  by  the  Aniii  i esi  Siaiioii,  I'ouit  I'.irrov.,  .Al.isk.i,  Samples  of 
oil  after  v.arying  periods  of  use  in  the  equipment  were  to  be  forw.irded  to  the 
Naval  Research  Laboratory  for  .analysis  to  determine  the  eh.inges  that  h.id  t.iken 
place  during  use.  k'rom  the  phy.sical  and  ehemu  il  properties  of  th  oils  .ind  the 
changes  in  these  properties  during  service  use,  information  .is  to  their  suitability 
for  such  operations  and  their  app rox im.ite  servue  life  could  be  obtained.  This 
information  in  conjunction  with  the  information  on  operation.il  char.acteristic  s w.is 
to  be  used  as  a guide  in  selecting  the  lubric.ints  most  snit.ible  for  Arctic  winter 
use. 
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niSCUSSION  OF  RESULTS 

The  results  of  the  .malyses  of  the  various  experimental  oils  are  given  in 
Tables  1 to  I I inclusive  To  faiilitate  discussion,  the  data  are  labiil.ited  into 
grotms  ai  cording  to  the  .ippl  le.it  ion  .uul  the  oil  used.  These  groups  are  furtiier 
suhdivi'ied  as  lo  the  vehicle  or  eipt  ipnieiit  in  which  the  oil  was  used.  Properties 
of  the  tu'u  unused  oil  are  also  shown  so  that  the  eh.inges  that  took  pl.ice  during 
service  may  he  more  reaflilv  d isi  e rnihle.  As  a greater  number  of  samples  .md 
dnaly.ses  an’  availahL'  for  study  than  were  .ivailahle  in  the  previous  reports 
17)  *8),  it  IS  possihL'  to  weigh  the  results  .ind  to  draw  more  definite  com  lusions. 
Th-'  r nm- 111  .s  loii  s u r e .•-lui  ed  here  teay  not  therefore  be  the  same  as  those  hascfi  on 
a smaller  niimher  of  obs  e rv  .it  ion  s in  the  jirevious  reports. 


C r .1  n ki  a s e tils 

Properties  of  the  i roike.iie  oils  .ire  sT.ov.n  iii  T.ihles  1 to  4 those  of  the 
svnthetu'  p i lyp  r opy  1 eii  e oxuii’  ! e r i v.i  t iv  e ” I'l  on  1 !'•  - 140X  ” a re  gu’en  tii’r.ihle  1 
Tins  oil  f.ills  betwi-en  S.AK  gr.uies  Si',  .mi!  10  iV  ,it  0‘M'  and  is  .i  .S.‘\E  grade  20 
.It  2 10  K It  V..IS  ii'-ed  in  the  ii-.ip.m  tses  oi  jeeps.  we.iS'‘ls,  l.V  l(3)‘s  and  .TD-t 
Ir.ictor.  .\mhient  ti-nine  r.itu  ii’.s  r.iiiged  from  <24  to  -47  !•  with  -12°F  beiiu; 
considered  .is  the  .iveragi-  .orhieut  test  t em  }>i- r.ttur  e . The  ;<our  points  of  the  u.sed 
oils  \-ariiul  within  *iO"K  of  th.it  ol  tin-  new  oil  (-4‘i*’T  with  hut  four  exceptions. 

It  IS  (dis  ious  from  their  viscoinetric  jiroperties  ih.it  the  two  oils  with  pour  ))oints 
below  -7S"t  (s.imple  t.iken  h 29  48  from  Jeep  No  1 and  s.ini)ile  taken  12  18^48 
from  V.  easil  No.  2 I were  ir.  i s l.t  he  t ed  or  i onf.iniin.ited  with  a very  light  oil.  The 
two  oils  with  Hour  points  of  - lA  t ui.iv  be  .illributed  to  fuel  dihition.. 

There  w.is  little  iti.mgi-  m ihi'  visiosities  of  the  used  oils  as  compared  w.ith 
tho.se  of  the  new  oil  .it  t eiii  pe  r.i  t u r e s of  2 10*'  ' .mil  100  T'.  .\  t -40  !•■,  the  viscosities 
of  the  u.sed  oils  .ire  .ipproxin..itely  sO  pen  ent  gnuiter  th.iii  tfi.it  of  the  new  oil 
Increases  m the  low  t imipe  r.it  it  r e viscosities  of  the  used  oils  are  .ittributed  in 
part  to  the  solution  of  fuel  ami  oil  oxid.ition  .ind  polynic  r i /..it  ion  products  Such 
i iMiigi’S  in  viscositii-s  of  used  oils  at  subzero  teinpe  r.i  tu  r e s .ire  lonsidered  .iboiit 
normal.  No  .mprei  i.ible  fli  1 f e reuc  e s were  noted  m the  visius  ty  c h.i  r.ic  t e r i s 1 1 c s 
of  thi’  oils  used  in  different  'ype  engines  F.videm  e of  tfie  oxidation  stability  and 
extent  of  oxulativc  di'te  r lo  r.i  * ■ on  of  oils  m.iv  be  obt. lined  from  the  eh.inges  in 
their  heutrali/ation  numhers  In  gener.il,  the  used  Pi  on  1.1’.-140X  oils  had  nentr.il- 
iz.ation  miniher  increases  of  0 7 .md  tfiis  w.-.is  .itt. lined  after  i onside  r.ifile  serviie 
use  .Such  .111  lilt  re  ise  is  no!  iimisu.il.  mil  tins  oil  is  helieced  to  ll.iie  .ideipi.ite 
s t .ih  1 1 1 1 y . 

Pr ec ip i l.it ion  numhers  .ire  e\'ideme  of  the  presence  of  oil  insoluble  ni.iteri.ils 
.Sm  li  produits  m.iy  be  foriiied  tiv  oil  or  fuel  oxid.itioii  or  may  be  extr.ineous  m.i- 
terial  such  as  road  dust.  In  geiu'r.il.  prei  ijnt.ition  numhers  im  reased  with  the 
length  of  oil  use.  However,  the  addition  of  "m.iUe-up"  oil  iii.ished  this  trend 
because  of  the  diluent  aetioii  id  the  new  oil.  Insufficient  iiiforniation  is  .iv.dlable 
to  clelermine  whe-ther  the  increases  in  neutr.iliz.itioii  numbers  were  due  jirim.irily 
to  lail  oxidation  or  to  the  presence  of  extr.ineous  ni.iteri.ils. 

The  Ucon  LR-140X  oil  appears  lo  be  in  very  good  condition  after  use  as  a 
crankcase  oil  in  the  various  engines,  showing  no  evidences  of  excessive  oxidation 
or  other  forms  of  deterioration.  ‘The  Arctic  'lest  Station  reports  (3)  tfiat  wear 
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and  consuniption  with  this  oil  werf  considered  normal.  l’*ecause  of  its  hu»h  pour 
point  and  high  viscosity  at  -40  1'  (30,000  to  50.000  cs)  this  oil  is  not  suitable  for 
Arctic  winter  operations.  It  was  somewh.it  more  difficult  to  obtain  engine  starts 
when  this  oil  was  used  than  v.ith  lov-er  viscosity  oils.  At  -48°  1'  one  and  one-half 
(1-1  '’Z)  hours  of  heat  apnl'cation,  using  a Z50,000-Bui  Merman-Nelson  heater, 
were  required  before  it  v.as  possible  to  crank  a jeep  lubricated  with  this  oil. 

Properties  of  the  used  bi  s(Z  - ethy  Ihexyl)  adipate  oi  Is  u sed  as  a crankcase 
lubricant  for  jeeps,  weasels.  l.V'V(3Vs  and  a D-8  tractor  are  given  in  Table  Z. 

This  synthetic  diester  oil  w.ts  obtained  from  two  sources,  that  from  Oupont  be- 
ing identified  as  PSP-14  and  that  from  Ohio  Apex  Company  as  Adipol  ZLH. 
Pronerties  of  the  oils  from  different  sources  arc  essentially  identical.  Ihis  oil 

• Q 0 ^ 

has  a vi  scosity  of  1 1 0 c s at  0 t'  ,ind  its  v i sc  osity  at  Z 1 0 P of  Z . 4 c s is  below  the 
minimum  viscosity  of  3.88  i s (39  S.U.S.)  for  SAP  5 W oils.  It  was  selected  for 
tests  in  order  to  obtain  information  .is  to  the  lubricating  ability  of  lou -viscosity 
oils  under  Arctic  winter  operating  conditions  and  also  for  information  ;i  s to  the 
limiting  viscosity  for  engine  starting.  Because  of  the  relatively  high  boiling 
point  of  this  diester  as  compared  with  petroleum  oils  of  similar  viscosity. the 
results  would  not  he  confused  bv  high  oil  consumption  or  uear  due  to  the  ev.ipora- 
tion  of  the  oil  from  hot  cylinder  walls  Ambient  temperatures  r.tnged  from  -30 
to  - 50°F  during  tests. 

It  is  evident  th.it  the  first  used-o  l sample  from  Jeep  No  Z,  t.iken  on  9 Z9  48, 
is  mislabeled  or  contaminated.  .Subsequent  samples  tend  to  appro.ich  the  proper- 
ties of  bi  s(  Z - et  hy  Ihexy  U adip.ite  because  of  the  addition  of  “make  vip"  oil.  The 
sample  taken  l/lS/49  has  properties  almost  identical  with  those  of  the  nev.  oil 
except  for  neutralization  number.  Samples  taken  from  tVeasel  (Test  No.  Z)  have 
viscometric  properties  similar  to  those  of  the  new  oil.  There  is  some  evidence 
of  dilution  in  the  samples  taken  S ZO  and  5 ''31  '48  since  their  viscosities  are 
lower  than  those  of  the  unused  oil  Some  of  the  samples  from  the  other  \>.  easels 
show  evidence  of  even  gre.iter  fuel  dilution.  A number  of  samples  had  r.ithcr 
high  neut r.a  1 i za t ion  numbers.  l h.it  taken  from  We.isel  No  1 on  5/l6  '4P  ,ifter  458 
hours  and  731  miles  of  oper.ition  li.id  ,i  neutraT  z.ition  number  ot  3 09.  .lucl  ns 
precipitation  number,  0.8  was  <ilso  high.  .Sever.il  of  the  samples  from  the  lA'T 
(3)  were  also  contaminated  with  other  oils  as  evidenced  by  their  viscosities. 

In  general,  the  laboratory  evaluation  of  the  used  bi  s(  Z - ethy  Ihexy  1 1 adipate  oils 
showed  that  the  oils  from  the  different  vehicles  .ind  engines  were  in  approximately 
the  s.ime  condition  The  neutral  zatinn  numbers  of  some  s.imples  reached  r.ither 
high  values,  .i  possible  consequence  ol  c ont.imin.ition  with  other  oils.  1 he  s.imples 
from  the  heavy-duty  diesel  rciginc  had  lower  neutr.al'Z-ation  numbers  th.in  did  many 
of  the  samples  after  conipar.ible  service  in  automotive  engines.  With  the  exception 
of  the  neutralization  number  me  re.ises.  tin  s oil  showed  no  other  evidence  of 
deterioration  in  service. 

The  Arctic  Test  station  reported  ( 5)  that  oil  consumption  was  normal  .ind 
that  this  appeared  to  be  a good  crankcase  lubricant  for  automotive  engines.  rhough 
no  lubrication  failures  were  reported  c r ankshaft  wea  r occurred  during  idling 
periods  when  oil  pressure  was  low.  This  seems  to  be  a rcasonal.de  explanation, 
as  it  is  known  that  oil  pressures  decrease  with  decreasing  viscosity  and  this  is 
a very  low  viscosity  oil.  Wear  on  the  heavy  duly  diesel  engines  w-as  high.  Auto- 
motive equipment  lubricated  with  bis  (Z-ethylliexyl)  adipate  cranked  easily  down  to  ^ 
-48°F  (3,4).  No  starting  aids  or  coolant  heaters  were  necess.ary  for  starting  at  -30 
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if  the  vehicles  v.ei  c in  good  condition.  Ether  capsules  v.ere  used  to  suirt  the 
diesel  engines.  At  - 30°  h , bis(Z-ethylhexyl ) adipate  ha  .s  a viscosity  of  400  cs 
v.hiih  i.s  so  much  below  the  limiting  crankcase  oil  viscosity  of  4,500  cs  that  very 
little  battery  nower  would  he  required  to  overcom«-  the  viscous  drag  of  the  lubri- 
cant. This  oil  IS  regarded  as  a hurdler  line  automotive  i rankc.ise  lubricant  be- 
cause its  low  visiosity  makes  it  impossible  to  m.iiiUain  .idequ.ite  oil  pressure 
with  (onventional  engines.  If  the  oil  pressure  could  be  maint.iined  it  is  possible 
that  this  cnl  \could  be  satisfai  tory  for  automotive  engines. 

Properties  ol  the  Kevstone  ZO’A  1 bO  nenent)  - Velo  .\  i40  nercent)  oils  are 
shown  in  r.ible  3.  1 tiis  is  .i  ZO'A  oil  containing  40  ner<  iiit  o!  a gum  .md  sludge 

sc'lvent  uh'ntilie<;  .is  \'elo  A 1 he  resulting  mixture  is  .i  .SAr.  1 0 A gr.idc-  oil.  .\l 
subzero  temper. itures  it  is  non  - Nc’v.  tom.m  liquid  .ind  the  viscosity  v.tlues  sliown 
.ire  therc'fore  .i  on  r ox  i m.i  t e . Piair  points  ol  the  use<i  oil  s.imples  .ire  v.tri.ible. 
most  of  the'm  being  Ingher  th.m  the  origin.il  mixture.  I he  visiosities  of  the  useci 
oils  .ire  .ilso  grc-.iler  th.in  those  ot  the  origin.il  mixture.  These  nhenomen.i  .ire  .i 
man  1 f e St  .1 1 ion  of  the  \ .i  nor  i /.it  ■ on  ot  the  less  visions  Velo  .A  c omimnent  .Samples 
t.'iken  on  12  10  4H,  2 4 40  .m<l  3 2H  40  from  the  T>-t'  tr.ntor  shov.  .i  nrogressive 

decre.ise  in  viscosities  .i'  -40  ' It  seems  firob.ible  that  .i  lov.  \ iscositv  "m.ike 
un"  oil  IS  bc'ing  oided  is  itn-se  oils  h.ive  lo\cer  viscosities  th.in  the  origin. il  oil. 

1 .ov.  nciit  r.i  1 i/.it  ion  .in<l  n r ei  ip  it  .i  t ■.  on  numbers  indn.ite  little  oil  oxidation  or 
deter  ior.it  ion  but  ttn>.  is  m.ished.  to  .i  lerl.iin  extent  bv  the  l.irge  volume  ot  'm.iise 
un"  oil  .idded  I he  .Arctic  lest  .st.ition  renortc’d  th.it  consumption  r.ites  ccere  high 
due  to  the  ev.ipor.it  ion  of  the  light  eomponenl  ' 3l  The  variabilities  in  the  nro- 
nc'rties  of  the  usc’d  oils  c.iused  by  ih.mges  in  loniposition  v.  ith  ev.ipor.it  ion  of  the 
Ve'.o  .A  .ind  the  high  nour  point  . s m.ike  this  mixtuie  unsuited  for  .Antu  -a.  inter  use. 

Army  experiment.il  oil  1<  l-.c  t . 1 S -4  7 vi.is  .ilso  used  .i  s .i  c r.inkc.ise  lubruant. 
Thi.s  oil  IS  I dewaxed  n.iphlhene  base  petroleum  fr.ic  tion  of  8.9  c s (55  S.l’..S,l 
viscosity  .'It  10')°1'  nrerliluted  \cith  10  percent  of  ,i  g.isoline  fr.iction.  Its  properties 
.and  those  of  the  used  oils  .ire  shown  in  T.ihle  4.  This  oil  h.i  s .a  lo\cer  viscosity 
than  dcaes  bi  s(2  - el  hy  1 hexy  1 ) adipate  .ind  is  thendore  lighter  th.in  .i  SAT.  5 V.  oil. 
S.iniples  receive'l  for  .in.ilvsis  were  .ill  from  .i  jc-ep.  1 he’  greatest  ch.inges  taking 
place-  in  this  oil  with  service  were  incre.isc-d  in  v i sc,  c,  s 1 1 le  s ind  tioiir  points  due  to 
the  evaporation  of  the  g.isoline  diluent.  Nee ' r.i  1 1 /..i  t ion  numbe-rs  tended  to  .ipprcrach 
.1  value  of  1.0.  The  Arctic  lest  Station  rc-nortiul  th.it  c on  sum  pi  ion  r.ites  were  ex- 
cessive (3),  Thcjugh  the  we.ir  r.ites  were-  not  excessive  in  the  jeep,  concern  .is 
to  the  lubricating  .ability  of  this  oil  in  he.avy  chity  engines  w.ts  exnressed.  I'ec  .cuse 
of  the  high  oil  cor.sumiition.  extr.c  m.iuiten.mce.  v.triability  in  oil  p r ope  r 1 1 c- s , .md 
added  f la mm.i V;i  1 1 tv  ha/.irds.  this  oil  is  no!  c onside  rt'd  suit.ible  !'.'!•  Arelie  winter 
use. 

A new  expe  r imeiit.i  1 oil  w.is  developed  hy  the-  Arniv  to  repl.ice  the  K T.t  ^ - 1 s - 4 7 . 
Ihis  new  oil  identified  .is  HE(')-72-49  is  a petroleum  oil  composition  coin. lining  .i 
viscosity  index  improver  .ind  M11--0-2104  tvp«’  .uiditives.  It  h.i  s been  supersede.! 
by  .1  similar  oil  cov’ereil  bv  specific  .ition  Ml  I.-0-i0295fORn).  1 he  propertu-s  of 

the  new  REO-72-49  oil  shown  in  Table  4 are  those  of  .i  M ' 1 0 - 1 029  8(('' K O)  oil  .i .; 
no  sample  of  the  former  was  received  for.malysis.  REO-72-49  oils  v.c'ie  used 
in  the  cr.ankcases  of  a jeep,  weasel  .md  0-6  T'r.cctor,  T he  properties  of  the  used 
oils  arc  shown  in  Table  4. 

Viscosities  of  the  samples  of  oil  taken  from  the  jeep  and  that  of  the  sample 
taken  from  the  tractor  in  l/ZO/51  are  lower  than  those  of  the  nc-w  oil  at  !0U°T 
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and  I Uf  P'.  Sainples  froin  the  jeep  also  have  viscosities  lower  than  that  of  the 
new  oil  at  subzero  temperatures.  In  contrast,  the  sample  from  the  weasel  and 
that  from  the  tractor  on  1 1 ^30/S0  are  con  s id  e r ,i  bly  more  visions  than  the  new 
oil  ever  the  entire  temperature  ranj^e.  Dilution  is  not  the  laiise  of  the  lov.’  vis- 
cosities as  the  anioiint  of  dilution  m both  series  of  .samples  u a s lov.  and  of  the 
saii'.e  iru  i^nitude.  Properties  of  the  oils  differ  so  greatly  th.it  contamination  or 
mislabeling  was  suspected  until  the  .Antic  Test  Station  report  was  received 
commenting  on  the  va  r i.ibi  1 it  le  s m the  propert'es  of  different  batches  of  new  oils. 
With  the  exception  of  the  sample  taken  from  the  jeep  on  l/lS/si  which  has  a high 
neutralization  number  there  is  no  evuicnce  of  excessive  oxidation  or  deteri- 

oration of  these  oils.  It  was  reported  Ml  that  this  oil  had  good  lubr  i.iting  pro- 
perties, Pingines  could  be  starteil  fairly  easilv  at  .imbient  temperatures  as  low 
as  -3S  F without  the  use  of  i oolant  heaters  or  st.irting  aids.  Pecause  of  the 
va  ri.ibilities  in  the  properties  of  the  new  oil  anil  the  limited  experienie  vith  this 
oil  further  testing  is  recommended  with  the  oil  in  a variety  of  equinn  i-n' 

* 

Thi'  KPM  SW  oil  IS  .1  blend,  of  .ip[)  r ox  i m.i  te  1 v h.ilf  .mil  h.ilf  of  e svii' h.et  ii 
pol  vp  ropy  1 en  e oxide  deriv<itivo  and  petroleum  oil  (tl.  Properties  of  the  neu  PPM 
SW  oil  Table  4.  .ire  those  given  hv  Miller  and  t'l.il  ndo  ' t>)  .is  no  sample  of  the  nev. 
oil  was  av.iil.ible  This  oil  is  aell  belou  the  n.ixiii  u"’  visiositv  for  .i  3 V.  oil. 
having  .1  c'lsiositv  of  (>30  is  at  0 !•  .as  i om  n.i  r I’li  to  th.e  s-p  e s n ,.i.\  i ii  u ii . for  3 '.f 
oils.  Its  viscosity  of  4,7  is  .it  2 10^'  is  well  .ibme  the  ‘Min  •.rum  of  i Q i s for  3 \\ 
oils  but  is  less  than  the  ri'.inimum  of  3 73  ( s for  Ml!  -0-‘i02'53  oils  It  is  presumed 
(6)  th.it  ;i  detergent  ind  probably  other  .idditives  \iere  iiicorpor.iled  in  the  oil. 

Analysis  of  the  used  H PM  3W  oils  reve.ileil  tii.it  the  oils  from  the  we.isels 
and  HD-  19  tr.actor  hid  yiscometru  properties  rpiite  simil.ir  ’o  the  unusi’d  oil 
Ihe  sample  from  the  Jeep  v..is  more  \ iscous  .it  lov.  tempe  r.itu  r e s . .-Ml  of  the 
s.'imples  h.id  pour  points  of  -'s  '•  N eut  r.i  1 1 z .it  ion  numbers  of  the  sampli-s  frotr 
the  weasels  wore  r.ither  high.  .i  pp  rox ; m.i  t e ly  2 0 vli-.le  those  from  the  jeep  .and 
HD-19  tr.actor  vere  much  lower,  les-.  th  in  b o i ],e  sir. ill  number  of  samples 
examined  and  v.irialions  m their  properties  n .ikes  it  diffuiilt  to  dr.iw  conclusions 
as  to  stability.  I he  Arctic  Test  St.it  on  re])orted  '4l  th.it  this  oil  tended  to  be- 
come very  viscous  .it  tempe  r.itu  re  s below  -20  ! \‘isi  ositv  d et  e r m in.i  I ; on  s re- 

ve.al  that  these  oils  h.ive  .i  pp  r ox  im  .i  t e ly  the  s.ine  visiosity  .it  -40°  1-'  .is  do  the 
M 1 I . - 0 - 10293f(2F^  n)  oils.  In  f.ict.  they  .ire  internied.i.ite  in  viscosity  .at  this  ti’iii- 
per.ature  to  the  extremes  of  the  H fa< ) - 7 2 - 4 b oils  It  \i  .i  s .ilso  rejiorted.  th.it  .<t 
operating  temperatures  ( 140  to  IRO*^  I-')  the  oil  lost  body  .md  the  engine  lost  power 
No  lubrii  alion  failures  h.ive  been  reported 


G e .1  r Oils 

Propi-rlies  of  the  gear  oils  .ire  shovn  in  l.ibles  3 to  1 1 inilusive.  Table  3 
lists  the  properties  of  the  synthetu'  IJc  on  1 l'-400X  oil  used  in  the  differenti.il, 
transmissions,  final  drives,  .ind  tr.ansfer  i.ises  of  jeeps,  we.isels.  D-6  tractor 
and  the  Little  Giant  Tractor  s.iw.  The  used  oils  i hanged  'ittle  in  properties 
from  those  of  the  new  oil.  only  the  s.ample  from  the  differential  of  the  tractor 
saw  had  a high  n eii  t ra  1 1 z..i  tion  number.  I'hough  the  oils  change  little  in  physii.il 
or  chemical  properties  with  service  seve»-.il  of  the  samples  coni.ained  meial 
particles.  Analysis  of  the  metals  present  in  the  sample  taken  2/3/4.°  from  differ- 
ential of  the  jeep  revealed  the  presence  of  large  amounts  of  copper,  lead,  and  tin 
in  addition  to  iron  and  nickel.  It  is  evident  that  besides  the  abrasion  of  the  steel 
gears  the  copper  alloy  bushings  or  bearings  were  baaly  worn.  The  same  metallic 
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constituents  were  found  in  the  sample  from  the  differential  and  transmission  of  a 
weasel.  The  presence  of  these  metals,  in  such  large  amounts,  confirms  the  re- 
port of  the  Arctic  Test  Station  that  abnormally  high  wear  rates  were  observed 
in  the  differentials  and  transmissions  of  equipment  lubricated  with  the  oil. 
Evidently  the  Ucon  LB-400X  does  not  have  sufficient  “load  carrying  capacity”  to 
support  the  heavy  loads  developed  by  the  gears  and  it  is  not  recommended  as  a 
gear  lubricant. 

Properties  of  the  Ucon  LB-140X  a lower  viscosity  grade  oil  than  the  400X 
are  shown  in  Table  7.  There  is  evidence  of  the  admixture  of  other  oils  in  the 
sample  froni  I-VT(3)  No.  2 taken  on  2/4/49  as  it  consisted  of  two  liquid  phases. 
The  higher  viscosity  Ucon  oils  are  not  completely  miscible  with  petroleum  oils. 
Though  there  is  some  variability  in  the  properties  of  the  used  oils,  possibly  due 
to  contamination  with  other  oils,  the  used  Ucon  1.B-140X  oils  were  not  badly 
oxidized  while  in  service.  There  was  visual  evidence  of  metal  particles  in  sever- 
al samples  of  the  used  oils  and  this  was  conf-rmed  by  the  report  (3)  of  excessive 
wear  in  vehicles  using  the  oil  as  the  gear  lubricant.  High  wear  rates  would  be 
expected  as  the  140X  grade  has  the  same  composition,  though  it  is  less  %'iscous, 
than  the  Ucon  LB-400X  oil.  It  is  not  recommended  as  a gear  lubricant. 

The  Ucon  1.B-140X-'j0  oil  differs  from  the  I'con  I.B-140X  in  that  the  former 
contains  an  extreme  pressure  additive.  This  oil  falls  in  the  .SAE  75  grade  as  a 
transmission  oil,  see  Table  6 It  was  used  in  the  differentials  and  transmissions 
of  a jeep  and  weasels  and  in  the  transmission  and  final  drive  of  a D-h  tractor. 
Samples  taken  during  the  winter  of  1949-50  have  somewhat  lower  viscosities  than 
those  in  the  winter  of  1950-‘il.  Thi.«  is  believed  due  to  difference  in  production 
batches  rather  than  to  changes  cans  d by  service  use. 

No  appreciable  changes  in  physic. H or  chemical  properties  occured  during 
service  and  the  oils  appe.ared  to  be  in  gooil  condition.  There  was  no  evidence  of 
unusal  w'ear  in  the  samples  submitted  for  analvsis.  The  .Arctic  Test  Station  re- 
ported (3)  excessive  wear  of  jeep  ;ind  weasel  transmissions  lubricated  with  this 
oil  and  later  (41  reported  satisfactory  operation  in  jeeps,  weasels,  and  tractors 
It  is  suspected  that  the  high  wear  rates  first  reported  were  due  to  the  use  of  the 
Ucon  LB-140X  which  does  not  contain  an  ext  renie  - pr  e s su  r e agent.  Though  this 
oil  gave  satisfactory  performance  at  the  lowest  temper. itiire  encountered,  -50°P'. 
difficulties  in  shifting  gears  .and  excessive  drag  would  become  more  apparent  at 
lower  temperatures.  Because  of  its  high  pour  point  (-50‘’l'l  and  viscosity,  this 
oil  is  not  suitable  for  use  at  temperatures  ilown  to  -65°K 

F’ropertics  of  the  ICnsign  5t)l  gear  lubru  .ml  .ire  shown  in  I'.ible  7,  I his  oil 
does  not  conform  to  the  new  .SAE  requirements  for  t r.i  n s m i s s ion  oils.  It  is  less 
vi.scous  th.an  a grade  90  oil  but  it  c.innot  qualify  .as  a grade  80  oil  as  its  pour 
point  is  above  Though  no  major  changes  in  the  properties  of  the  oil  due  to 

service  use  were  observed  its  high  pour  point,  above  0°1',  makes  it  unsuitable 
for  Arctic  winter  use. 

Navy  Symbol  9500  oil  is  a heavy-duty  crankcase  oil,  SAE  grade  50.  As  a 
transmission  oil  it  would  be  classified  as  SAE  grade  90.  The  properties  of  the 
new  oil  shown  in  Table  7 arc  those  of  a typical  oil  conforming  to  the  specification 
and  are  not  necessarily  those  of  the  new  oil  used  in  these  tests.  There  is  a drop 
in  the  viscosity  of  the  oil  with  service  use.  Oils  from  the  final  drive  had  lower 
viscosities  than  did  those  of  comparable  service  in  the  transmission.  However, 
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the  reliitively  hij:;h  pour  point.  of  used  oils,  4iiul  the  spec  ifu  .ition  require- 

ment of  +1S  !•'  in.iximum  pour  iioint  would  ehnnri.ile  tins  oil  from  r oris  id  e ra  1 1 on 
O.S  an  Arctic  gear  oil. 

Propertu’S  of  tlu'  H G(' - - -I"  MMr  oils  .ire  .shown  m l.ihle.s  R .iiid  R.  I’his 

oil  IS  now  covered  hv  spei  il  u .it  ion  M I 1 . - 1 . - 1 0 J24  ( t IK  D).  They  .ire  less\isious 
th.an  the  lightest  oil  covered  hv  the  t r.msniis  sion  i l.i  ss  if  u a t ion  , gr.ide  7s. 

Table  R lists  the  properties  of  the  oils  used  in  differentials,  transmissions,  .ind 
transfer  cases  id  jeeps.  Table  d g ves  the  properties  of  oils  used  in  the  differen- 
tials. t ran  sin  1 s s 1 on  s , .mil  I • na  1 d r u'  e s of  weasels  .mil  ,i  D - R t r.ii  t o r . I' m .m  se  of 
the  non  - Newt  oni.i  n n.itnre  ot  these  oils  .it  low  t em  pe  r .i  tu  r e s . tt'e  viscosities 
shown  .it  snb.’ero  t empe  r.itu  res  .ire  <i]ipr  ox  im.i  te 

Properties  ol  thi'  used  oils  f rmn  the  jeep  .ire  extremely  v.iri.thle  .\  number 
of  s.imples  h.ive  much  hiylier  visiosities  and  pour  points  th.ari  the  new  .n.l  It  \f, 
possible  th.it  Some  •.ncre.ise  m pour  point  .uid  vise  ositv  toulil  be  .i  1 1 r i hit  t ed  to  oil 
vl  et  e r ior.it  ion  during  use  but  the  ch.inges  .ire  so  gre.it  that  c ont.i  m in.itton  with 
more  viscous  oils  is  siisneited  in  .i  mj.ioritv  of  inst.mies  .A  dd  1 1 1 on.i  1 e\tdence 
of  cont.im  in.it  ion  is  th.it  the  ih.itiges  in  pronerties  .ire  not  regul.ir.  i e there  s 
no  orderlv  iiii  re.ise  or  decre.ise  'n  viscositv  or  pour  point  with  use.  Tor  ex.imnle 
the  s.imples  from  the  differeiiti.il  of  .leep  No,  1 .ifier  ,ero.  1-1.2.  dtl.  PJ-l . iui).  ,,nd 
RHl  miles  of  oner.ition  li.ive  the  following  vscosit.is  in  c cut  istoTes  .it  100  : 

12.3,  13.S.  17. h.  Ih..’..  13.H..ind  IbO.  At  - 40‘'f  . t hei  r v i si  os  it  e s .i  r e • .!  .-I  OO  . 

R.OOO.  10,000.  13.000.  fi.OOO  .Old  '..sOO  Tfieir  pour  tu'ints  show  .i  stmihar  \-.ir-.i- 
bility.  Oils  t.iken  from  the  t r.insm  i ssion  of  tins  jeep  .after  i omn.i  r.ihle  ti  ileages 
show  changes  simil.ir  to  those  for  the  differenti.il  oils  Pther  used  oil  s.imples 
h.ive  properties  closely  .ipp  ro.x  imat  mg  those  of  the  new  ml.  .is  exemplified  by 

s. imnle  s from'  front  differential  of  Jeep  No.  2 on  1 '9  ' S 1 , r c.i  r differential  of 

.leen  No.  2 on  l'^2''Sl,  t r.iiismi  ssion  of  jeep  (newl  on  3 3 4 s.  .md  t r.insmiss  ion 

of  Jeep  No.  1 on  9 29  4K.  .All  of  these  s.imples  h.id  low  nrei  init.ition  numbers 
but  there  is  some  vari.ibilitv  in  their  neut  r.il  m.ition  numhers  It  is  possible  ih.it 
difference  in  the  ncut r a 1 i/.i t ion  numlicrs  of  different  procurement  b. itches  of  oil 
may  be  responsible  for  p.irl  of  the  va  r t.i  hi  1 tty  observed 

either  s.ir.Tples  of  oil  sluiw  very  gre.it  t li.ingcs  in  properties  .ifter  c oni  [-..i  r .i  h 1 1 
.service,  e.g.  the  s.imple  l.iken  from  the  front  differenti.il  of  the  .leep  on  g 7 4S 
.ifter  165  miles  of  oper.ation  hail  ,i  viscosity  of  30. h is  .it  100*’h  .iml  15.000  cs  .it 
0 . Its  pour  point  w.is  - 30‘’T  Six  out  of  the  37  samples  of  used  KG(''-2.5-47  oils 

fi.ul  pour  points  .ibove  -40'^F,  It  is  suspected  that  the  used  ml  s.imples  with 
physic.al  properties  gre.itly  different  from  tfiose  of  the  new  oil  were  i .iiised  hv 
contamination  or  admixture  with  other  oils.  .All  of  the  used  oils  li.nl  low  preeipi- 

t. it  ion  numbers  and  the  ne'!trali7-ai  ion  numbers  were  relatively  eoii.stani  .it  .ibout 
0.8  to  0.9,  evidence  tli.it  the  oil  w.is  re.ison.ibly  st.ible  .ind  that  the  .idditue  con- 
tent had  not  c hanged  appreei.ibly. 

Samples  of  RGO-28-47  from  the  we.isels  .mil  D-R  tr.ietor.  I able  .ire  not 
.is  v.sriable  in  properties  as  those  from  the  jeep,  ‘Table  8.  The  exceptions  .i.-e 
5 aiTiril  es  taken  in  the  wint  e r of  1 95  1 f roni  t he  f in.i  1 d r ive  ,s  of  the  l)-8  tr.ietor  These 
sarniiles  have  viscosities  o'  2 1.6  to  43.2  c s at  1 OO'^l’'  .is  compared  to  12.  > c s for 
the  new  oil.  Evidently  they  cout.iin  varying  proportions  of  a more  viscous  oil. 

In  general,  the  used  oil  samples  from  these  vehicles  do  not  differ  greatly  m 
viscosities  and  pour  points  from  those  of  the  original  unused  oil  irrespective  of 
their  use,  i.e.  differential,  transmission  or,  final-drive  gear  oils.  None  of  the 
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samples  had  appreciable  precipitation  numbers  but  there  is  a greater  variation 
in  neutralization  numbers.  Samples  taken  during  the  winter  of  1948-49  had 
neutralization  number  of  approximately  0.9  while  those  from  the  winter  of  1950- 
51  had  a value  of  approximately  0.5.  This  is  attributed  to  differences  in  the 
original  neutralization  numbers  of  the  different  lots.  Possibly  a lesser  amount 
or  a different  extreme -pressure  additive  was  used  in  the  preparation  of  the  oils. 

Though  the  used  RGO-Z8-47  oils  show  great  variations  in  properties,  this 
is  attributed  to  the  admixture  of  other  oils  rather  than  to  oil  deterioration.  A 
sufficient  number  of  the  used  oil  samples  have  properties  so  similar  to  those  of 
the  new  oil  that  it  is  beleived  justifiable  to  conclude  that  the  RG(''-ZH-47  or  MIL- 
L-  10324(ORD)  gear  oils  show  no  evidence  of  excessive  deterioration  during  use 
in  the  various  vehicles  and  applications.  The  Arctic  Test  .St.ition  reports  satis- 
factory operation  with  this  oil  (3,  4),  gears  shifted  easily,  and  there  was  no  evi- 
dence of  sluggish  vehicle  operation  down  to  -50°F’.  No  indie. itions  of  excessive 
wear  were  observed. 


Properties  of  the  Keystone  78-h  Hypoid  gear  oil  are  shown  in  Tables  10  and 
11.  This  oil  has  a viscosity  of  817  cs  at  0°  F as  compared  to  the  maximum  of 
3,268  cs  for  a SAE  grade  75  gear  oil.  It  is  considerably  more  viscous  than  the 
RGO-28-47  oil  (8  17  cs  as  compared  to  230  cs)  and  has  a higher  pour  point. 

Table  10  gives  the  properties  of  the  oil  after  use  in  differentials,  transmissions, 
and  transfer  cases  of  jeeps  and  weasels.  Viscosities  of  the  oils  taken  from  Jeep 
No.  2 are  so  much  lower  than  that  of  the  new  oil  that  it  is  suspected  that  it  has 
been  contaminated  with  another  oil,  probably  RGO-28-47.  Pour  points  of  the  oils, 
except  those  that  are  obviously  mislabeled  or  contaminated,  vary  from  -45°  to 
-60  F,  The  lowering  of  the  pour  points  of  the  used  oils  may  be  a result  of  a 
better  dispersion  of  the  additive  due  to  the  shearing  action  of  the  gears.  The 
Arctic  Test  Station  reports  (3)  that  some  material  settles  out  of  this  oil  on 
standing.  It  is  probable  that  the  upper  oil  layer  would  have  a lower  pour  point 
than  the  lower  layer.  Therefore,  the  lower  pour  points  of  the  used  samples  could 
be  due  to  the  precipitation  of  the  additive  in  the  original  container  or  while  in  the 
vehicles.  The  viscosities  of  the  majority  of  the  oils  had  changed  very  little. 
Precipitation  numbers  were  generally  around  0.  1 .which  is  not  excessive,  and 
neutralization  numbers  varied  from  0.4  to  1.0.  These  variations  may  be  a mani- 
festation of  the  precipitation  of  the  extreme  pressure  agent. 


Properties  of  the  gear  oils  used  in  LVT(3)'s.  D-6  and  D-8  tractors  are  given 
in  Table  11.  A number  of  samples  in  thjs  series  .are  evidently  mislabled  or  con- 


are  much  gre.'iter  than  that  of  the  new 
Several  had  viscosities  of  73  cs  at  100  F as  compared  to  20.7  cs  for  the 


taminated  since  their  viscosities  at  100 
oil . 

new  oil.  CMher  sariiples  had  vi.scositics  inte r mediate  to  these  values.  S.'imples 
with  the  high  viscosities  also  had  much  higher  pour  points,  up  to  -5°F.  In  general, 
the  pour  points  of  the  used  oils  were  approximately  the  same  as  that  of  the  new 
oil,  -45°  F.  A few  samples  had  lower  pour  points,  possibly  due  to  the  better  dis- 
persion of  the  additive  or  to  its  precipitation.  About  half  of  the  used  oils  had 
properties  similar  to  those  of  the  new  oil  and  showed  little  evidence  of  oxidation 
or  deter ior.ation. 


Except  for  the  precipitation  of  addit'Ves,  the  .Arctic  Test  Station  reports  that 
this  gear  oil  gave  satisfactory  performance  in  all  vehicles  and  equipment  down  to 
temperatures  of  -50°F.  No  excessive  wear  was  observed;  gears  could  be  shifted 
easily:  and  there  was  no  appreciable  drag  on  the  vehicles.  As  this  lubricant  has 
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a pour  point  of  -45°  F,  difficulties  with  gear  shifting,  stiff  axles  and  channeling 
would  be  expected  at  lower  temperatures.  This  oil  appears  to  be  marginal  as  an 
Arctic  winter  gear  oil. 


SUMMARY  AND  CONCLUSIONS 


The  two  crankcase  oils  contiiining  volatile  diluents,  REO- 15-47  and  the  Key- 
stone 20W  ( 60  percent)  - Velo  A 140  percent)  show  great  variations  in  properties 
due  to  the  evaporation  of  the  diluent  The  extra  maintenance  required  because  of 
the  high  oil  consumption;  the  increase  in  low  temperature  viscosities  and  pour 
points  make  these  oils  unsuited  for  Arctic  w'inter  use.  The  synthetic  Ucon  LB- 
140X  though  giving  satisfactory  performance  and  lubrication  at  operating  tem- 
peratures and  startability  at  temperatures  down  to  -20°F  becomes  so  viscous  at 
temperatures  below  -30°F  that  starting  engines  becomes  difficult.  Its  pour  point 
of  -45®F  is  also  too  high  for  satisfactory  winter  serivee  where  even  lower  tem- 
peratures may  be  encountered. 

Bis  ( 2 -ethyl hexyl) adipate  oils,  identified  as  PSl^-14  and  Adipol  2EH,  are 
apparently  on  the  border  line  of  viscosity  at  operating  temperatures  for  automo- 
tive engines.  It  seems  probable  that  the  oil  pressure  lannot  be  maintained  at  a 
level  high  enough  to  assure  adequate  lubrication.  In  heavy  duty  diesel  engines, 
w'ear  is  much  greater.  Though  this  oil  allows  ea.sier  .starting  at  subzero  temper- 
atures, its  viscosity  is  too  low  at  operating  temperatures  for  the  satisfactory 
lubrication  of  heavy-duty  engines. 

The  used  REO-72-49  or  Ml  L- 0-  10295(ORD)  oils  were  extremely  variable  in 
properties  ranging  from  4.0  to  7.3  cs  at  210°F  and  from  3,300  to  26,000  cs  at 
-40°F.  Differences  in  dilution  were  not  great  enough  to  account  for  these  varia- 
tions (3,  4).  The  Arctic  Test  Station  reports  considerable  differences  in  the 
properties  of  the  new  REO-72-49  oils  which  probably  accounts  for  the  variations 
observed  in  the  used  oils.  This  oil  is  considered  the  most  suitable  Arctic  winter 
crankcase  oil  by  the  Arctic  Test  Station  as  engines  could  be  started  fairly  easily 
at  ambient  temperatures  as  low  as  -35°V  w'ithout  the  use  of  coolant  heaters  or 
starting  aids.  Consumption  rates  were  rormal  and  less  wear  was  observed  in 
the  heavy  duty  diesel  engines  using  this  oil.  Some  used  oils  had  pour  points  as 
high  as  - 45°  and  - 50°F  which  is  above  the  maximum  of  -65°F.  Itis  possible  that 
these  high  pour  points  were  due  to  contamination  with  other  oils. 


Properties  of  the  used  RPM-5W  oils  w'ere  fairly  consistent,  all  having  pour 
points  of  -65°F.  Two  of  the  samples  had  high  neutralization  numbers  but  there 
wa.s  no  maior  rhanoe  innhv^ir.al  nrnrw»rti»»<  nnW  fnui"  eanr>nl»»c 

available,  two  of  which  had  much  lower  neutralization  numbers,  no  conclusions 
can  be  made  as  to  their  oxidation  stability.  Low  temperature  viscosities  of  the 
oils  do  not  bear  out  the  Arctic  Test  Station  report  that  this  oil  becomes  very 
viscous  at  temperatures  below  -20°F.  The  viscosity  of  the  oils  examined  at 
-40°  F were  intermediate  between  the  extremes  of  the  REO-72-49  oils.  Viscosi- 
ties at  100° and  210°F  revealed  no  unusal  drop  in  viscosity  as  reported  by  the 
Arctic  Test  Station.  Oil  consumption  was  said  to  be  high  and  adequate  lubrica- 
tion was  not  attained  in  diesel  engines. 

Three  unusal  requirements  are  asked  of  Arctic  winter  crankcase  oils. 

I.  They  should  have  the  lowest  possible  viscosity  at  subzero  temperatures  to 
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facilitate  starting  with  the  least  number  of  starting  aids.  Viscosities  at  -40°F 
and  lower  temperatures  arc  desired  that  are  comparable  to  those  of  a conven- 
tional oil  at  0 F.  II.  Viscosities  must  be  sufficiently  high  at  operating  tempera- 
tures vhich  approxirnate  normal  operating  temneratures  . to  maintain  an  adequate 
oil  pressure  and  oil  film  to  prevent  excessive  wea-  111.  The  oil  must  have  a 
boi  ing  point  hi.gh  cnouRli  so  that  consumption  will  not  be  excessively  high  and  so 
that  It  will  not  volatilize  from  hot  cylinder  walls  leaving  an  inadequate  oil  film 
No  known  oil,  petroleum  or  synthetic,  fills  the  requirements  for  such  a crank- 
case oil.  Therefore,  a compromise  must  be  made  with  some  sacrifice  at  either 
operating  or  at  starting  temperatures. 

X4,T  ■*  base  oil  containing  a viscosity  index  improver  and 

MlL-0-2104  type  additives  . IS  a compromise  oil.  Some  sacrifice  in  the  low- 
temperature  viscosities  were  made  to  obtain  higher  viscosities  at  operating  tem- 
peratures. MIL-0- 10295(ORD)  oils  have  similar  properties  but  this  specification 
allows  latitude  as  to  composition  in  that  oil  may  be  petroleum  or  synthetic  or  a 
combination  of  the  two.  The  RPM  S tV  oil  is  also  a compromise,  having  a lower 
viscosity  at  operating  temperatures  th.in  the  Rp:ti-7’-49  or  Ml  1 . - 0 - 1 0295.  OR  D) 
type  oils  but  approximately  the  s.ime  low  temperature  viscosity  characteristics. 

A crankcase  oil  having  the  viscosity  of  that  of  a Mll.-O- 10295  oil  at  210°F  but 
with  lower  viscosities  at  subzero  temperatures  could  be  prepared  bv  using  a 
larger  amount  of  synthetic  oil  or  a wholly  synthetic  oil.  This  would  increase  the 
cost,  but  if  operational  c ha  r<ic  te  ri  Stic  s were  improved  sufficiently  it  would  be 
war  ranted. 


The  Leon  LR-140X  and  L'con  LR-400X  oils  were  uns.iti sfac tory  as  gear  oils 
because  of  their  iii.ibility  to  support  the  heavy  load  developed  by  the  gears.  Excess- 
ive gear  wear  and  failure  were  reported  when  these  oils  were  used  as  gear  lubri- 
cants. Navy  Symbol  9500  oil  and  Ensign  561  arc  not  suitable  as  Arctic  winter 
gear  oils  because  of  their  high  viscosities  and  pour  points.  The  former,  a heavy- 
duty  crankcase  oil,  probably  would  he  unsuitable  as  a gear  lubricant  because  of 
its  inability  to  support  the  loads  developed. 

Ucon  LP-140X-60  differs  from  Uc  on  LI’ -140X  oils  in  that  the  former  contains 
an  extreme  pressure  agent.  I his  oil  showed  no  evidence  of  e.xcessive  oxidation 
or  deterioration  during  service.  Its  operational  c ha  r.ic  te  r i stic  s were  satisfactory 
down  to  -50°  F.  the  lowest  temperature  encountered  Wear  rates  were  normal 
and  no  lubrication  failures  were  reported.  Satisfactory  operation  with  the  Key- 
stone 78-6Hypoid  gear  lubricant  was  also  attained  down  to  -50°F  with  no  evidence 
of  excessive  wear  or  lubrication  failures.  The  decrease  in  pour  points  of  the 
used  oils  could  be  attributed  to  the  precipitation  of  the  additive  or  to  their  better 
dispersion  in  service  due  to  the  shearing  action  of  the  gears.  Though  there  was 
little  evidence  ol  oxidation  instability  or  deterioration  in  the  used  oils  the  tendency 
of  a component,  probably  the  extreme  pressure  additive,  to  separate  during  stor- 
age could  lead  to  trouble.  Wear  rates  would  increase  as  the  concentration 
of  the  extreme  pressure  additive  decreased.  Both  the  Ucon  LP-  140X-60  and 
Keystone  78-6  gear  oils  have  pour  points  of  -45°  to  -50°F.  At  lower  temperatures, 
excessive  drag  and  difficulty  in  shifting  gears  would  be  expected.  The  channeling 
of  the  gears  through  the  lubricant  leaving  them  unlubricated  also  becomes  prob- 
able. These  gear  oils  are  considered  marginal  for  Arctic  winter  use  because 
their  pour  points  of  -45  I'  arc  above  -65  °F.  the  lowest  temperature  expected. 
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The  conclusions  based  on  the  results  of  the  analyses  of  the  used  HGO-28-47 
or  M 1 L - L - 1 0 324(OR  D)  year  oils  are  obscured  by  mislabeled  or  contaminated 
samples.  However,  from  the  number  of  samples  showing  little  changes  in  pro- 
perties during  service  it  .tppears  that  this  oil  is  adequately  stable.  The  Arctic 
Test  Sta.  tion  leports  that  it  has  civei'  satisfactory  service  in  jeeps,  weasels,  and 
tractors  at  tempe  r.itu  r e s from  ♦ JO  to  Consumption  was  low  and  wear 

rates  normal.  Because  of  its  lov.  viscosities  at  subzero  temperatures  and  pour 
point  of  below  - (>S  F'.it  .ipnears  to  be  the  most  suitable  gear  lubricant  for  Arctic- 
winter  use  evaluated  to  date. 
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